The Generation and Trapping of Enantiopure Bromonium Ions
vii) X-ray crystallographic details for 4 and 11.
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General Methods: Melting points were recorded on a Reichart-Thermovar melting point apparatus and are uncorrected. Fourier transform infra-red (IR) spectra were recorded through Diffuse Reference Infra-red Fourier Transform Spectroscopy (DRIFTS) or as thin films on NaCl plates using a Mattson 500 FT IR spectrometer. 1 H NMR and 13 C NMR spectra were recorded at 400 MHz or 100 MHz on a Bruker Avance 400 spectrometer respectively. NMR samples were run in the indicated solvents and were referenced internally. Reagents: CH 2 Cl 2 was distilled from CaH 2 . All other reagents were used as received.
(±)-2-Bromo-1-chloro-1-phenylethane (4). (±)-2-Bromo-2-phenylethanol (1) (50 mg, 0.25 mmol) was stirred at 65 °C in neat thionyl chloride (25-30 eq.) for 1.5-5.5 h. The reaction mixture was allowed to cool and concentrated. The residue was taken up in dichloromethane and washed with a saturated aqueous solution of sodium hydrogen carbonate. The aqueous phase was reextracted with dichloromethane and the combined organic phases were washed with water, dried (MgSO 4 ), filtered and concentrated. The crude product was purified by column chromatography (petrol) to afford (±)-2-bromo-1-chloro-1-phenylethane 4 (38 mg, 69%) as colourless low melting needles with spectral data consistent with literature (reference 9 in the main manuscript): m.p. 21-22.5 °C; R f = 0.25 (petrol); FT IR (NaCl) ν max 3065, 3034, 2960, 1953 (w) then removed in vacuo, and the residue was dissolved in propan-2-ol (2 mL). Racemic 1,2-oxiranyldodecane (2 g, 10.88 mmol) was added, the solution was cooled to 0°C, and then water (196 mg, 10 .88 mmol) in propan-2-ol (0.4 mL) was added drop-wise. The solution was allowed to stir for 24 h at r.t. after which time the mixture was adsorbed on to silica gel, and purified by (S)-2-Bromododecan-1-ol (9) and (R)-1-Bromododecan-2-ol (10). To a stirred solution of epoxide 9 (810 g, 4.4 mmol) in chloroform (30 mL) at -10°C was added HBr as a 48% solution (1.4 mL, 17.6 mmol) drop-wise. The reaction was stirred for 2 h, and was allowed to slowly warm to r.t. The reaction mixture was diluted with water (20 mL), the organic phase was separated, and the aqueous phase was extracted with dichloromethane (3 × 20 mL 3064, 3032, 2990, 2938, 2873, 1920 (w) 7, 137.2, 133.7, 129.7, 128.7, 128.6, 128.5, 127.7, 80.8, 56.0, 21.7, 18.9, (1S, 2S) 144.9, 136.8, 133.8, 129.8, 128.9, 128.6, 128.6, 128.0, 81.1, 55.1, 21.7, 18.6 Tosylate 17. To as stirred solution of bromhydrin 9 (200 mg, 0.76 mmol) in dichloromethane (15 mL) at 0°C was added DMAP, followed by p-toluenesulfonyl chloride (173 mg, 0.91 mmol).
The reaction mixture was stirred at r.t. for 16 h, then diluted with dichloromethane (10 mL), and the organic phase was washed with brine, dried over magnesium sulfate, concentrated and the residue was purified by silica gel column chromatography (9:1 petroleum spirit/diethyl ether) to 2, 132.7, 130.0, 128.0, 72.2, 49.9, 34.6, 31.9, 29.6, 29.5, 29.4, 29.3, 28.8, 26.8, 22.7, 21.7, 14 129.8, 127.9, 80.6, 33.2, 32.7, 31.9, 29.6, 29.5, 29.3, 29.0, 24.4, 22.7, 21.7, 14 134.8, 133.3, 132.9, 130.7, 129.3, 128.6, 128.5 128.4, 82.1, 71.9, 70.5, 68.7, 65.3, 59.0, 56.1, 18.8 ppm; (1S, 2S); 166.8, 136.8, 134.8, 133.5, 133.2, 130.7, 129.7, 129.5, 129.3, 128.9, 82.3, 71.9, 70.4, 68.7, 65.3, 59.0, 54.9, 18.5 5, 133.8, 133.7, 133.3, 130.9, 129.9, 129.7, 73.1, 71.9, 70.5, 69.7, 65.4, 59.1, 50.0, 34.6, 31.9, 29.6, 29.5, 29.4, 29.3, 28.8, 26.8, 22.7, 14 
(S)-2-Chlorododecan-1-ol (23) and (R)-1-Chlorododecan-2-ol (24).
To a stirred solution of epoxide 8 (600 mg, 3.26 mmol) in chloroform (20 mL) at -10°C was added HCl as a 37% solution (1.8 mL, 21.76 mmol) drop-wise. The reaction mixture was stirred for 2 h, and was allowed to slowly warm to approximately 0°C. The reaction mixture was diluted with water (100 mL), the organic phase was separated, and the aqueous phase was extracted with dichloromethane (3 × 20 mL). The combined organic phase was dried over magnesium sulfate, concentrated, and the residue was purified by silica gel column chromatography General procedure A for the rearrangement of bromohydrins with thionyl chloride. The bromohydrin (1 eq.) was stirred at 65 °C in neat thionyl chloride (25-30 eq.) for 1.5-5.5 h. The reaction mixture was allowed to cool and concentrated. The residue was taken up in dichloromethane and washed with a saturated aqueous solution of sodium hydrogen carbonate.
The aqueous phase was re-extracted with dichloromethane and the combined organic phases were washed with water, dried (MgSO4), filtered and concentrated. The crude product was subjected to flash column chromatography (petrol).
General procedure B for the rearrangement of sulphonates with TiCl 4 .
To a dichloromethane solution of sulphonate (0.1 mmol), cooled to -78 ºC, was added TiCl 4 (22 μL, 0.2 mmol). The resulting bright yellow mixture was allowed to gradually warm to RT and stirred for 24 h. The reaction was quenched with water (10 mL) and extracted with dichloromethane (10 mL). The organic phase was passed through a silica gel plug and concentrated. See Table 1 5, 128.9, 128.6, 127.6, 51.7, 23.6, (1R, 2R) 137.2, 128.4, 128.2, 127.6, 67.5, 53.0, 22.4 35.8, 31.9, 29.6, 29.5, 29.4, 29.3, 28.9, 25.8, 22.7, 14 ESI 10 35.4, 31.9, 29.6, 29.5, 29.4, 29.3, 28.9, 26.8, 22.7, 14 ESI 28
Optical rotation measurements, NMR integration and ee calculations for 13 and 14
The enantiomeric purity of the bromohydrin mixture was assessed by a two-step procedure. The crystal structure of 4 is substantially disordered (in fact, there are no ordered atoms), and the best model for the electron density involves presence of two different molecules. The major occupancy molecule, 4-A, has a chlorine on C(7) and a bromine on C(8) (ca. 84% occupancy, Fig. 1 in the paper and Fig. S1 here). The minor occupancy molecule, 4-B, has the halogens swapped, with a bromine on C(7') and a chlorine on C(8') (ca. 16% occupancy, Figs. S2 and S3 ). An overlay of these two molecules is shown in Fig. S4 . All of the non-hydrogen atoms of the major occupancy molecule, and the halogens of the minor occupancy molecule, were refined anisotropically, all the rest isotropically. Because of the disorder a number of restraints were applied to the refinements. The C 6 rings of both molecules were constrained to be perfect hexagons with a C-C distance of 1.39 Å. The C(7) and C(7') atoms were restrained to be coplanar with their associated C 6 rings, and the C(1)-C(7) and C(1')-C(7') distances were restrained to be the same between the two species. The C(7)···C(2) and C(7)···C(6) ESI 36 distances, together with their counterparts in the second molecule, were restrained to be the same. For the C 2 H 3 BrCl portions of the two species, the roughly equivalent bonds and angles were restrained to be the same ("roughly" because strictly speaking, for example, C(7)-Cl and C(8')-Cl' are not chemically identical, but with so much disorder around this difference is not significant and so the bonds were treated as being the same. For the thermal parameters, atoms occupying nearly the same spatial position were restrained to have similar thermal isotropic or equivalent isotropic thermal parameters.
Similar to the situation seen for the structure of 4 (see above), the crystal structure of 11 is also substantially disordered (again there are no ordered atoms), but here the two molecules present are chemically the same (they are enantiomers of each other). The major occupancy molecule, 11-A (ca. 58% occupancy), Fig. S5 here, whilst the minor occupancy molecule, 11-B (ca. 42% occupancy), is shown in Figs. S6 and S7 ). An overlay of these two molecules is shown in Fig. S8 . All of the non-hydrogen atoms of the major occupancy molecule, and the halogens of the minor occupancy molecule, were refined anisotropically, all the rest isotropically. Because of the disorder a number of restraints were applied to the refinements. The C 6 rings of both molecules were constrained to be perfect hexagons with a C-C distance of 1.39 Å. The C(1) and C(1') atoms were restrained to be coplanar with their associated C 6 rings, and the C(1)-C(4) and C(1')-C(4') distances were restrained to be the same between the two species. For the C 3 H 5 BrCl portions of the two species, the equivalent bonds and angles were restrained to be the same, and in this case it was found to be necessary to use explicit "ideal" distances for the C-Cl (1.81 Å) and C-Br (1.97 Å) bonds (value derived from literature searches).
Thermal parameter restraints were not found to be necessary, and so none were used.
